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Abstract of WO9710265 (JP11512436) 

S-nitrosothiols (RSNOs) can donate the NO group to the beta 93 cysteine 
residues of hemoglobin (Hb) without inactivating the heme. S-nitrosylation 
of Hb is under the allosteric control of oxygen and the oxidation state of 
heme. NO group release from S-nitrosohemoglobin (SNO-Hb) is further 
facilitated by intracellular low molecular weight thiols, forming RSNOs 
which can be exported from the erythrocyte to regulate blood pressure and 
platelet activation. SNO-Hb can be formed by reaction of Hb with 
S-nitrosothiol. This procedure avoids oxidation of the heme. Other methods 
can be used which are not specific only for thiol groups, but which nitrosate 
Hb more extensively, and may produce polynitrosated metHb as a product 
or intermediate product of the method. SNO*Hb in its various forms and 
combinations thereof (oxy, deoxy, met; specifically S-nitrosylated, or 
nitrosated or nitrated to various extents) can be administered to an animal 
or human where it is desired to oxygenate, to scavenge free radicals, or to 
release NO + groups to tissues. Thiols and/or NO donating agents can also be 
administered to enhance the transfer of NO + groups. Examples of conditions 
to be treated by SNO-Hbs or other nitrosated or nitrated forms of Hb 
include ischemic injury, hypertension, angina, reperfusion injury and 
inflammation, and disorders characterized by thrombosis. 
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(57) [gift] 

s-^hnvft-;P (RNSO) tt, 'NAfc^tfttfl; 
f-5Cfcfc<. Atyof> (Hb) <D /3 9 3 S'X-tM' 
>BSI:NOSSMt'55. HbcDS-ZhD->;Wfc 

a— ;i/Ttc*-g) 0 s-^hav^^r^Dif > (sno- 
Hb) a>£©NOSJStti«, SBiartCDtetf^Ffi©? 1 *- 

;nc«t^>T$6.icffiii$n, rnsos±^l-, rns 

Wr-5Ci:*»-C*<&. SNO-Hbtt, HbfflS--h 

/isrosNo-Hb*«i:r;-€-ne)COia*-&t>ii- 

>*r^efi©-hnVft'bL<tt^hD^) «. K^b 



0*S«fe#2;^3i-r«C:t*tt?^*„ SNO-Hb* 
fcfcMfi©- h D VflsSfe U < \Z- b DSOH b tC<fc r>T 



(2) 



ft^l 1 - 5 1 2 4 3 6 



LT/^M^'i^IiT^Ig^ty, WSlOiyW • (ex v 
ivo) CD^^^^o 
5 . TEIS : 

a) **©#jh#£lMrr*XH ; 

b) Rftf ©#jfii8§ s - z h d y ^^-;i/T«ilt sis ; &±x$ 

c) R*ifeS£Ka#KS18#T*X8 

§tty, A#(0jlltf8T£U£>£5S (blood borne disease ) ©i&ST&ii. 

7. - hDv^Jw^nfaa^ja-^-r^xasr^tr, p*?Laosj»*fcttE*Mi» 

9. BtjsJBtfcttK^WWS^S/a T>3^ Sff. H*ai»«, ^ttW 

10. F e Ottltl plffi^KftS L t S - - h D ■> M S tlfc S N O - H b C 
Fell] 02*$*LTfca»J*tt. 

1 1. B*osmaiio^ h d v<k»i6«m^^t3 t>i-r >+ a ^- h 

-f£X*I£^fr: ^-;i,STl*a6^S--hD«>JMb$nfcSNO-Hb [ 
F ell) 02©«!it^tt. 

12. zhDVWi»fl^)S--bDVft-mS«*^l 



(3) 1 1 - 5 1 2 4 3 6 

13. "\AF e^tti^^K^LTS-- hDv;Hb^nfcSNO-Hb [ 
Fell) ^^lT/^«io 

h -r *xa*-&tr, tt-jix-vftmmz s - - h □ ->;wban& s n o - h b 
i 5. - h p y it»J*«ft»?Io s - z h □ y f l 4 ck® 

1 8. «^ifii^^- hDVib^ : E^Db*>^«t^^M(DS-- NDV^t- 

1 9. -hDV<b^*^Dtf>***LTtt*«fflJftl«*i«R«Jca^T*xa 

2 0. - hovib^^^nt^^naSLSitcS-^-r^xS^tr, nl»LS!lc*5tt* 
2 1. geAft^CriUKA. BfiggA, jfaV£A. 7xD-Att»lliMfl:ffi. W*A* 

e>ti«a«ta#r«xa*«tT*a»o*A©»«3»tt. 

2 3. SNO-Hb [Fell) Oz mbTftft»«l:Sfi*»fft2»Ii* 



(4) 
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2 4. SNO-Hb [Fell) O2 LT&*PI«tt* t h K&4-T*IfI 

**tf, ««*jfc«ltJliiS:*r*t hO»**S. 

2 5. MWSNO-Hb [Fell) Ozfc J;tf^:*-^£^LT&*tt 
4ie^C0*^o 

2 6. KW«tt#SNO-Hb [Fell) Oz&cfctfS - 'hny^M^ 
^LTfj:^Ii*^2 4ie«c0^ffi o 

2 8. RfiBt&liB^nKS^ME «tt#jfii3*Jtifiu 56ff, « 
jfiifR. 

3 2. - hDvft^ynif>***UTa:*a«ft©»*±*»»*ja:^r* 

b hKi45W-6jfti/h«*Stt{ba)fftlW»ffi. 

3 4. lIM^^ok'y^TDXf'J ^^«ffiS:R«ifi^&T«ifi^S|-r 

3 5. 7^mm^X^^^u\i>^^^^a\f>mmmznLX]&m}<DS-^bn 
V 1 b (combining) . « £ tlfc JI^» (combination) £ - h □ V 



(5) 
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3 6. ^^ol£>*N06t#ffc£tt£ffi£U hayftS 

^^Dh'>^f;WJ-b D^b^^^D t:>*£fiKU F e III* F 

□ t*>*^jS^it>&IfI^tr, aaf ert*F eIIttffiT**#>Jn h □yfb-N 

3 7. B«WtF elllftF elltaTE-rsKKd^yy^nt K "J KT?**HI 
* 

313 6IE*©*S. 

3 8. SiRMtCF eIII£F e IIlCii7ET<&tt3S£j&*;* h^^Dhy'J^^- 
3 9. #'JzhDV^^ut:>^lfLT^§Mft. 



(6) 



1 - 5 1 2 4 3 6 



*awi *®^rpffi^^6 o/o o 3, 8on*c»tT«fti*tan 

19 9 6^331 5B»Cffl»iaftfc*BM»Kai»l»0 8/6 1 6, 3 7 m<0~ 
ffl»«ffi»T**l 9 9 6^6^ 2 OH»cmnaftfc*B»«Fa««IO 8/6 6 
7, 0 0 3#K»LTfiKfe***aU £ft&CDtiilW>*Stt* 

'VE2/Dlf> (Hb) £0 2 > C02, NOfc fc'hS ttSttttt 'J H £©*S 

/hM^ii^®-^02/C02^ig«^^TDX^ , J 7^COT4W. »*fcjt-r 

a^^t, Hb (Fe) HN0O^ffl«BH©*JIS^KI#t*«)^(Lancaster J.R.. Proc 

Natl. Acad. Sci. USA, 91:8137-8141 (1994) ; Wood Gar thwaite, J. N 

europharmacol., 33: 1235-1244 (1994)) > M0»4Eb©«IBtt«r^a*MK:*»ftS 

W^tCckntf, M^ii^^^lNO^^^^HblCctoT^^n^^'fT^^ ( 
Lancaster 1994) • LfttfoT, fil:¥»ftS«TI»^tftV^lTfe, 75r 
D— AttMffi«ibffilwK»e>n^«fc5^Kft»J^h^^ (oxidant stress) **J0 

^•9^<£<^^^5^ (Lancaster 1994) . N0# f <0 J; 3 Id b 

fgtt£i#-p7&*(Stamler f J.S. Proc. Natl. Acad. Sci. USA, 89:444-448( 
1992)), iSSSOjfa^Hb^<fc^^W$y^^§tt^^S--hDV^^-^ (RS 
NO) &&fcfa\Z&)&tZ.hifl-Q%%> (Gaston, B.£>, Proc. Natl. Acad. Sci. US 
A, 90: 10957-10961 (1993)). JWfrWKSB^* RSN0<ON0*tt. N0*t OtOttt 



(7) 



ft ft¥ 1 1 - 5 1 2 4 3 6 



■tt*-hV-9A (NO*) ft^a m#ttL*ttl>-*©«IB*5l*WT« 
*^RSNO*<J#oTUS^ttt, *"r*Ta«PSn-^Ofe^(DeGroote f M.A. 6. P 
roc. Natl. Acad. Sci. USA, 92:6399-6403 (1995) ; Stamler, J. S., Cell, 7 
8:931-936(1994))* *fc, ^ K^CD-SNOS^ < ttU >BMfc£|B]» 

©vy±^eit«*g**fcTtli5^tgttfc#Jt*nTli4 (Stamler, J.S. b 
, Proc. Natl. Acad. Sci. USA, 89:444-448 (1992) ; Stamler, J.S., Cell, 7 
8:931-926(3994)) . 3? W1£ H<£> S - ~ h □ zs)Ht\t* > W K«fig£flMB-r 
(Stamler, J.S. E>, Proc. Natl. Acad. Sci. USA, 89:444-4 
48 (1992) ; Stamler, J.S., Cell, 78:931-936(1994)) , fflflSl^TO S - ~ h 

^SE3»#T&«». thHbTte* S-y-^^L^^ ha* 1 OCD'sAS'&WL, ^ 
(fi) Dr^ZL-y M*JE*tt<B*^SH* (cys 093) $ (Olson, J.S. 

, Meth. in Enzymology, 76:631-651 (3981 ) ;Antonini,E. & JctfBrunori, M 
. Hemoglobin and Myoglobin in Their Reactions with Ligands (American Els 
evier Publishing Co., Inc., -a- 3 — 2) <Z>29~3lH (1971)) . ZL*lt><Dzs 

NO (-mt&m) it. R»««lB©+^fcWlC!fcBE*Tlfjlll/>S«IB«:IB«r 
NO<L»BJl§;te<fctfjltt«^ »tt 



(8) ^ift¥ 1 1 - 5 1 2 4 3 6 

;w> (Olson) *5«k^*ww3e#&^«koT»«snfcck5fc, 

lson, S. b.)b, Circulation 93:327-332 (1996) ) . ^©^RftHBtt* 

aa^aifeiiksafit-fttiiii-rft*^^*^^^* o*-**. a. j. (Ma 

reus, A. J.) *5«fctf J. B. □ — ^"7>(J. B. Broekman) , Circulation 93: 
208-209 (1996) ) . U 7-©««*S* J:tf/*fcBJk/h«» 

£ A # I C f U it tfi $> Z> T ft 5 5 o 

G>E«K«fc*, SNO-Hb©M^CHt^ flE^S©X 
fIHte#bT> ^Fe3WMtSnTI>J:<. *fclMft*fta<TfeA^ 

««K»-r w-r a. ^s^^^^t© s n o - h b 

<D=.huVfchh<\t~huit) \t. ^nf»o*Si:fe^T!!i«Sftttt H:tt 



(9) 1 1 - 5 1 2 4 3 6 

S-r:hD5/;Mk«C«fc*SJI0-Hb©4a*fiEI*fi5lcS^y57T*«). 

*»Ifi«©*Rtt5R5fi (isometric tone) SrfBUfc Lfc— *Ott*T» 

H4A«, *ifci;:<£j3LfcHb<z>^gi;:#^ 

H4B13, **fcttfflL&Hb<0»£K:»^ 

H4CI*, B*Mfc»T*£j«S h D Vd/;l,^^*>/m»SNO-HbaK©Jt«: 
H5H fl6*&fflaco:**->Hb (A) . SNO-^^Hb (■) *fcttS»0-^ hHb 

s6A*3cfctf6B) , mftmrnm® meod^md) te&zfmytmwKmm meE&£ 

El 7 Ate, Jfe/hffi|g*JC*5W«>^««f|iHb AoOS&S^H^L^y^^T** 
. jfii^ffi<D8*(0«*:<7)«5H«» jfa/htK^^U^f >+i^— h^tifcHbA (1 
OnM-lOOuM) ^)IS(:^tT7D7h$nTl^c Sllfcte, ^Jgffil 9 CD 



(10) 1 - 5 1 2 4 3 6 

jfa#jvE©»Jll©IE«fl;L&«*©«HH. A'MSfc^U 
^ >^^^-hSnfcHbA (10nM~100jiM) OSglCtfLTT'o h 

07Cte. S-— bay ^^Dfc*>lr££jfa/WE©Silg&2&&£0 

08 11 0T77t-fSnfc, l 0 8 (SOif!i'ht5i:+i5^ffl1"* 1 < 

1 OH^Ztl 0 0 wMSaSW^Hb, SNO-^vHb$ftliSNO-Xh 
Hbl:«ncGMP (^7/-»3' . 5* — !M £ U * U >S5) ©»£^ 

0 9 CIS. S£J5£#I1 182«©jSPJC0S-nhDV->^5 i 'f >T?Sa«3*lfcHb 

@9DH 1 0 0fgiS«l©S--hQV->^7-'f >T'iffl«$nfc5-y hHb© 

Stl^ofc^hayftHb^^T ; h^Bte. £ Steffi v^*>&&T 

JttS $ nfc r: h d V {fcH b & ^"T . 

09eh i o ofemm<Ds-~huv-sZ7-i > (-t<o&n) $.tz\tiom 

HbAo£. 1 0 OmMiTM/ yh-WW^i-ht^K^a^- 

Hft^(D#-f>h) (*JSM 1 1 - 

010 tt, O: 100nmol/kg SNO-Hb. •: lOOOnmol 



(11) 



1 - 5 1 2 4 3 6 



/kg SNO-Hb, SfcfiB : 1 0 0 0 nmo 1 /k g #S§«HbT<&5 

77X*4 (MKMl 3#B?0 o • : CYSNO/Hb^'l : lOJtTS-Xh 
PVyXr^>XlI$n^Hb, O: CYSNO/Hb^l 0 : 1<DJ£TCY 
SNOTMSn&Hb, 4:100:1 O JtTC Y S N OTMStlfcH bo 

JffifIPig§ O&iA'f h (inport) -feC^) €««JoTiS^**Jfil3aO 

SN0-Hb<B fic^if * \ts Hbtf^J&WT S - - h □ S^Hfc $n4:t^»lX^ 
c fl* (Gaston^, (1993)) tjfiL* (Scharfstein, J. S. 6, J. Clin. Invest. 9 
4:1432-1439(1995)) KB* 6n*rtHttRSN0*» SHb©SH*^©N(«G>MKWIE 

f^) S - Z h DyM0ii^^Xt^^ e W«^««JoTie^*Hb (Fell 
WBMffiSf1sffl©iJ^ h*i£*-T* Hb<Dmm<tl$. cys j393<DN0H 

Tl^n^^lTl^ e SN0-Hb^Jfiieai»bO»5l«!l (vasomotor tone 

) *IMBT«>«1!l**fc-r^itt+»fc*snTt^. j|liJEOftWi**fTto*a*« 
SSIJgH^ LX. 5fiHtNO©«««J6U^S:«L»lc«'>S^-g> £ (htCck OMR 



(12) 



1 - 5 1 2 4 3 6 



Jgffij&«l:*b*TtMK«fc1"* (Lancaster, J. R., (1994)) . Z. 

Vogel, W.M. £>, Am. J. Physiol.. 251 :H4 13-420 (1986) : Olsen, S.B. 6, Cir 
culation 93:329-332 (1996) ) . L*U CO±itt-iittO*jhE(t?*tt. 

<-nctt^xaio-Hb*»*rtb. ^n*<c©am«rfi-&?H-r-<!: (cnaxasfc* 

«*l*fl)Pi**»H**fc-t**« l '" cl14 ' SNO-Hb ( 

Fell) to©AK+i>teJ:*10J«tt. *©* H (Felll) ^0*«C«fcr3T«» 

$n-5fcae> (hib) . £©«^w**te. Nos©sai£#e>sNo-Hb©#fi?£fc 

fee. 5 (B3A. 3B. 4A) . £©«fc5lCLT, SN0-Hb©N0B83?£t!fete. J$t£ 
S*lfcll0fiD*KJ:-3T«»Wfc**an««*5. M0©»m**KI6*ftCJ:-3T 

cai*n*ct*««Kanfc©T. oiffi©*fl;ttiiooa3tt««i-«"*««**>* 

Ma#tt€>nT^4 (Stander, J.S. 6, Proc. Natl. Acad. Sci. USA, 89:444 
-448 (1992) ; Stabler. J.S., Cell. 78:931-936(1994)) . #lfllS**©SN0-Hb 
®nftt*. MflS-=hnV^>/W»©i8OBH - P»0. «iliSPii5tcM-r 
ft*»**«e*0««**6«=»«****'®' c **" »taanfcjS86©N07!)<Bb 
i#C«koTBPaSCJilian*«^(Lancaster. J.R.. (1994)). SNO-Hb A 5 if© 

j^icurjiiwsfcisai^^i^iJ^tfifei;*. cntco^x«. RSNOfc 

H^^-j^^C-hPxJl, (NO*) (r*lJ4ll0BBaStttft 



03) 4#SS¥l 1- 5 1 2 4 3 6 

JRt^TO^Fgft^ftiSa-r^atEtllfcr) £<h*^SBt(Scharfstein, J. 
S. 6, (1994); Arnelle, D. R. *3 «t ^Stamler, J.S., Arch. Biochem. Biophys 
. 318:279-285 (1995) ; Stamler, J.S. 6, Proc. Natl. Acad. Sci. USA, 89: 
7674-7677(1992))**ttBir«-r«. *HH«K«Lfc»J!,tt. 9)V9tt>iKO 

S^n^eil^tSSLTl^. x^-h (DeCroote) fc-t<?!>#|S|W*fc#& 
14, GSNOOTHIMT— «OStt*56»-r«>^tt, (Tttto"SS- 

Zt&^Lfz (DeGroote, M.A.S, (1995)) . ^WHWCjRT^— * Wt. d<D#* 

^;^5 L ^-;Uft?¥Mffitt{t^«ft$nTl^^ < h^e> (Bolotina. V.M.S, Na 
ture, 368:850-853(1994)) , mfamz±^Tffilti2n&QSM J PM&~? 
JloUSfl* (Kondo, T. Methods in Enzymology, Packer, L.H, Academic Pr 
ess, 252:72-83(1995)) fc, «»Sti«rt*fett«»HBlT">^^eJt*iB^T 
©^fein^li (Stamler, J.S.. Cell, 78:931-936(3994)) . t> 5 1 pJfE 
ttfe#*^*flfi*l****>. Hb**cys j3 93t^UT#Jftl3»|Jli:*'&T-6 

<fc^-5$gft(Salhany f J. M. 43 «fc Raines, K. C, Trends in Biochem. Sci., 
1/3, 13-15(1981))^, ^MtTl^^«®(I^tT, 6 < ttSNO/SHX 

fPffl***HELTt»«»J;5T»* (Stamler, J.S. Proc. Natl. Acad. Sci. U 
SA, 89:444-448 (1992) ; Stamler, J.S., Cell, 78:931-936(1994)) . 

£ia*SS£ttT^*(Garel, C. Biochem. 123:513-519(1982) ; Jocelyn, P. 
C, Biochemistry of the SH Group, 243H, Academic Press, London; (19 
72); Craescu, C.T., J. Biol. Chen). 261:14710-14716(1986); Mansouri, A., 



(14) 



1 - 5 1 24 3 6 



Biochem. Biophys. Res. Com».un., 89:441-447(1979)). 6f. 
ttOWtftt. cys /393A5 N 0Mffi•>^^>'^^ifil^Sl^ii^^^^* fe " r^:, ' ie, 

■J<fcfc»»» (Lancaster, J.R.. (1994) ; Wood* itfGarthwaite, (1994)) 

HbCJ:*5Fftft;«>A«)H0Maffitt©**^M'^*** (Lancaster, J.R..0994) 
) li. 7D^f'J £^£§tt3RSN0©?¥ftfC<£^TII]j8cMa ; 5><. SNO-Hbti. 

AR+*ic*w*iio*i«*«t)fc6-r*»mbii«a©**ft**E»*** fctt 

l». SiO-Hbft#*r*wtCJ:oTJt**««-«"*«»BHb»«tt. ttfflJWK* 

#4. »»fc"f >a >©pH*#t-f >=^i^--> 3 >©»**#«. 

M*.tfplUBB7~9 (pH 8**»*bV») • «««B25-37X:T**. 

•5. 



(15) 



1-512436 



^->.X^>, W«fifiSS, WaU&ffifi. *JH-hDv;i/«gff-tO!)<B, Methods in 
Nitric Oxide Research (Freelisch, M. *3 cfctfStamler. J.S. £1 ; Wiley 
^^X^- (1996) ) C071~119 M rDonors of Nitrogen Oxidesj (dCO* 

^ifejs^jijiffi^^^^^^otcfcafit?. sit, zcD^vufpifomcDmmz 

> (*jfiL^*mil|-r*«/hE<D*Si:bT) *#3&>&£jfii*fiURUfc«, 

SXMHMttt, a*ttita«je3B. Sttftsfrbtttt*, *fctt#jla»JcJ:«>JI*a: 
££rt*T#*. a>*>*S*Ktt, igifatt««, KjfiUEaE, xay^, T>^> 
^nsirlBSto^Tttttii. rf^s rft^fj *jfii3*o«ffltt, Gil* lift 



(16) 



11-512436 



S^-6ttfT*-5) , #Jkat»cjh*JttlStti«Jh/h«iStt cn^ttifHI 
m (Fell) *5iftSftfc (Felll) ftfflz2MtT 2> t * Wtf^ffWXD?- 

hiv (:i^U;Iti:Mt^:t^Tt^)o hiv \zft-?z>z<D&ote 



(17) 



1 1 - 5 1 2 4 3 6 



-juts m^mm^<Dmm'&£&$xisT. mmmmmm^mm'\±m^izm^ 

b<DT v $b%> (0!l*.l£DeGroote, M. A. £>, Proc. Natl. Acad. Sci. USA 92:6399-6 
403 (1995) &&mv>Zt) c fflffiiLT. — h D y ^-Jl/afc#Jfll3»l*l05Jf* 

^^Dt'^Sfi, ^0- hDV{kS(^CO-%AtC^fflL?^Vie SNO-Hb (SN 
0-Hb (Fell) 0 2 ) E3«#*fcD 2"O£T<£iSN0 g£Hb (Fell) 02**6, 
Fe*FeII^6FeIII»CBftT*^t&<^J«r«»Ci:**T#-&. CflKfcfU Hb 
(Fell) Oz&aMO— K{b***fc«iEWK*i:*^^>*^'<---h-r«)i:, > 
h^^Dt^ (HbFe [III] ) tfifla (*M#lJlB) J&OftftSKICtat-S 

o Hb [Feii] ^-mt^mtrnz-i >*^^-v-$z>t. N0aWAKT«-^<*£ 

£U Hb (Fell) NO^WS^Sff^^fig-rS (HJKftllA) • 
Hb (Fell) 02*>6SN0-Hb (Fell) O2 *«±J*"r*»flEHS SKiSl*** (^JSW2A 

x-f >£Hb (Fell) ch^lC-T >+n^- h LTSNO-Hb (Fell) *»<&tt£lC«k 0 

) tt, *CD3 "OCDgiSICfic^-f 3 : 1) '\A©Fe^ffi{b$tlTl^^<2: < 3^, 2 
>**RttlRK:**>jfc, Ttt»ir**36^J:t)T***»*fl:«tt) &£tf3) ^ 
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§11 (Dmm<DMm&t$m4k\Z7K'2tlT^2>. Hb (Fell) 0 2 <hSNO-Hb [Fell] O2 
ttJhWWIBH^tbTffW-r-S^. SNO-Hb [Felll] (Fell^FellltCSffc^nfc: 

0/HbJt#2T**SN0-Hb [Fell] O2 tfMfcfcjMf JRJBH^i UTf^ffl"T* d t £ 

SNO-Hb (Fell) fciMBtBH^T**. H2B«, ft 2 <0filSS:R93T£> feCDT 

IUi*4SN0-Hb(O3Er*«ttS^te*t^ t*«LTU5. 
SN0-HbON0*«#«Ftt^K*«K*wi:<©«i:5 SNO-Hbte 

ONO^^^mUT, 1) ^AFe©FeIII^©ffifl:Sfcte2) KK^b^JcS^A 

'>ttSsT t)oi : bJ:< SNO-Hb^ £ Rfc* * C t 3&*tR S tlX t > 5 . filihT « 

N0/SN0- ;* hHbGDJt£l?tPSNO-j* hHbte, 2SNO/SN0- ^^^>Hb(Dlt ^Jt^SNO-^ 
* ~>Hb J: K) * ^ ft jfiil?i£3B H^T * £ £ £ . Hb© S - - h □ ->;Mfc*«R 

^T, 1SN0/SN0- ^-^^HbOJtSrJtt? 1 OOSNO-^"* vHb^'ftt* 0.1SN0/SN0- 
**^HbOit£J#^10#^<2S^^ 

ft3©SHttBl4BJC^-rig**I«J:^T«ffiE$n«). Cin&©e*tt, SNO-Hb ( 
Fell) 02<hSNO-Hb (Felll) Oj6l«ttHH^»*0^*--;P»C«t*«iatlEWL 
T 

V>£o SNO-Hb^^fi^S^hDV^^-^^^NO^e^W. Bb****->* 
*fcft*^#tlt^T^*->«JIJC*«»tS<Z)^a**««J:< (H2B) , *fc 

N0I3, SNO-Hb^ *dN0 + (zhD->Wft» £LTttttJ£fctt<E»$;tl*. S 
N0-Hb<DSN0 IWfttt^ltO. SNO-Hb^ *><Dm+<D&m$* 9)\f9tt>UE 
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sNo^Hbch^ic, m<D±mftm &<&^t?zmimmzmm&5'?z> c t \z «t o , 
&mfe&zmm^&fem&'v<bz> < > mn&cDMm&z t>izm±2 j &z>fz*bizte. 
(Dsw-mz^-t-jit&iz&^-'tz z ia> m^\tm2^mmz t) 

o SNO-y hHbchSNO-^-^^Hb©^^, 33 £> tC^-;U£ t^tT^#)£ 

m^\z, 02m.mtmm.m(D'mjj$:m±zi£z>izfe. sNo-^^Hb^fflT^ 

<tt^m&fc, * hnb&£ztT**zsiib(DSM-mfim\zift£LiK su^^tx, 
sm/wb<Ditm^mmT^> zl t izx-dx. 02tk&$:mffi-?z> z £*>-v^z> 0 

^UTV^o ^ffim5lzmm<Dm%i<Dfe$kfr£>. Hb (Fell) 0 2 (:**:>Hb) *W 
>• h*hD<hf^tlic-r> • t#Tt>jh£E©±#ft5l*iBc:-rct**WBSn*. 
SNO-Hb (Felll) (SNO-^ hHb) \t, <f > • tf h D^«tt>W > ■ b'tfTlfilEEOffi; 
T£ 51 SECT. SNO-Hb (Fell) O2 (SNO-^v-Hb) «U SffiTSjfaSSB/W * 

*4T, SNO-**^HbttJhi£lC«^ 
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i**©a*L^02*±ito»M»tt*»o^ 

##<D^!8T#j«T£RSM0-Hb O^flcft "TIB^T*. Rtt»fcB***lfcHbML 

£n*#is, Not>b<tt02?ijffl^a*n«>tt», *fcttnot>Ktt02*«a«ia* 

gf6WiTH SN0-Hb<D^\A<hSN0-Hb^^oTSJtti^n^)N0CDp^^, 
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tfT*5<«S*6*-r*. S«0-Hblifi»*EETRK*fttT, K^£i*3f 

icBi;»ffl[TNos»aiL, *ntCctoTjh«i£a«:3i*i8c:-r 7 

^ckt/06A-6FS:#flS<D^i:) . SNO-Hb©S#i|S|U#t, *fc IC, ^ 

AJi\ *kJB«8£ffl«T*Bfl9l;:te. (Kl^SNO/SNO-Hblt^J*oS«S^fctiiSa 
#ffi©SNO-Hb#^$JbLl>. S'Jr£<hLT> SNO-> hHb£ Z <D l«JU:flgfll"t Z> Z. t 

■ti LfctttUfS -n ha^;Hk^nTV^ci:(,iHbl'43^^^-^£>Hb^e>^ hHb'v 

©JS^^rife^-e-* (Harrison's Principles of Internal Medicine, S 1 2 IS 
, J. D. ^^;l/V>, (J. D. Wilsson.)5fl, ^{7 £*D- - fc ;U*t(McGraw-Hi 
11, Inc.), -3.-3-^7, 1 9 9 1#B£) 0 
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*§f±fk43«tL^a3fe ; &«^Sii:. dn^jgjsKU -tftlCcfcoT. Jfil/MKSIBflai*! 
c GMPSrlfSD^-e* C**>5 — , J . S. (Stamler, J. S.)£>, Circ. Res. 6 
5:789-795(1989)) , C a z * U'OlZM'p'Z^Z. N 0*3 J:^DX^it-f £ U 
>(prostacylcin)yn^^^^>v> (PG) Iztt, ^POWKflUS It, 

-r^. ^fc, ynx^it-r ^ u >£is^ now:, jfii/h«*s»^is»"rs, 

Kt©«2*ffflt#ton, »4>J*«ltS£l£*L»* (review article, ^-fcf* 
, M. G. (Davies, M. G.) British Journal of Surgeny 82: 1598-1610(1 
995)#flfO c 

>, R. C. (Candipan, R. C.) Arterioscler. Thromb. Vase. Biol. 16: 
44-50, 1996. ) o NOI1 TdUia^PISl, LDL (fiSSU^iei) 

tffcjfc»ie*ffisirs. ^^^Dt'xD^n -»ftS6*»cs#-ra3«ti« 

fnttfrfcftfctt*. In v i t rotH NOte, jfc/h«»*Sc6^ca 

(7HA7^-, M. W. (Radomski, M. W.) Br. J. Pharmacol. 92:181- 

187 (1987) ; M. W. (Radomski, U. W.) Lancet 2: 3057-10 

58(1987) ; 7 KA7^-, M. W. (Radomski, M. W.) 6, Biochem. Biophys. R 

es. Commun. 148:3482-3489 (3987) ) e NOte, c GMP l/^ 

;n&±#s-e-, -^nic^oT, ifa/h«»*^>f *a 
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feftC a** »»#<fc£M/Jxffi#»*IH*"r* (>'J^>, B. T. (Mellion. B 
. T.) b, Blood 57:946-955(1981) ; >>T r ;i/V>, M. E. (Mendelson, M. E 
J. Biol. Chem. 165:19028-19034 (1990) ; 'J-W>, E. (Lieber 
man, E.) b> Circ. Res. 68:1722-1728(1991)) . H b IC «t Brtfca&<0fiHS 

fc«fc93a*S*lTl*<& (JUyy-, K. (Krejcy, K.)b. Arterioscler. Thro 
mb. Vase. Biol. 15:2063-2067 (1995) ) . 

Cl^SnfclS* (Hfi5^ll9#^) ft, SNO-Hbft^-hO 



NOH cGMP ^fiTf £ pJ«tt©^7 -;!/K'>^ 7— tf-fciSttT* - 
Slbnil^o cGMPH jfe/MS«HR<^BI*$:jK^-3"*o *JS#!l 1 0 (Df&fkte 

TdiA^StrrH* M(Perutz, M.) , Mechanisms of Coop 

erativity and Allosteric Regulation in Proteins, Cambridge University Pr 
ess, ^>^'J7y^> ^*U7, 1 9 9 0O7-2 8I#S) . ^611 
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MAH SS©'J^>HH\ CO2, 2, 3-S>*X*£nj-feiJ>B! (2, 3- 

dpg) mi;ci-t$)^ -5-<7>jBKJi»*afptt*wfi5-r*. *aa©u*f> 

-f;yh-J^itt^7x-h (I HP) fc.fctf^lf^-fT/l'-h (bezafibr 
ate) *J;tf^a7^^U-hft£©7^yu>B«W*ai:3& f »»f6n«. 7 

§'J^/>HH SET**. 1(Z)'J^>HH ^\ACD7sh e >^«itC^^^^t)b 

I5^t!>i (S= 2) T\ 5^K(£»ftT* ; ^v^^nt*>^J;(/y7> 
-^hHbC^l^T, fttt(g;^fcr>ft (S = 0) T, 6 ^Ett«6t4 ; H2O ** 
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. Hffi«12 (B10#!H) tt, 5y hflia^^tt^)jfiL?g«tT<DSNO-Hb (F 
ell) O2<oa**«2 0 5HBJIIfcfcoTJ*tt"r*C tfe^f ; ffiK&UKK^T 

lbL/HSIB«tt. 4iEEffl*S:*i;«)fc»IC^BtSn*J:t)t>«tiNO 

tSut^Tf§C<!:i£^t. 1 ^- hDV^^MftlH HbB3 

«©«ajl»C45tt«»- HDVftSJCtt, EAW^WSianTlr^ (Simon, D. I 
. , Proc. Natl. Acad. Sci. USA 93:4736-4741 (1996)) . MSM^rillffiL 

7"CT15»B0. 5M HC1 NO2O +TN a N O2 JCSSM 

£«MIT*:&fefcc^&tf£*l*. te©*fti:LT«, 10 0mM'J>StMJ 

pH7. 4to«e«©^y9ARit*fl:«**aw^a-^rtk:An, 
1 5»Ma«f**n/tyij >^bfcNo*fxicaasi*(iit"r«)c:ti:T** est 

amler, J. S. Proc. Natl. Acad. Sci. USA 89:444-448(1992) ; £tz* — h 
□ VifcCD^ 6&3^&£JIj*T£Willianis, D. L. H. Nitrosation, Cambridge 
University Press, New York (1988) #88) . 

-hO«^fbnf; TNOSJ rNOtft*Wfffittj ) 14, HbtC*3 
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fc»=.hnftftffiil , 1"*^ffl»^ rNO*fcttNO*«#»lJ <hlT#^^)^ 
ttfi-eZZ. frfr2>mffiV>t£tiL®\Z* -SMh -SNO2, -ONCh ONO2 . -CNO 

, -CNO2, -NNO, -NNO2. -FeNO, -CuNO, -SCuNO, SFeNOfr (if <E>S& £ lS\Z^rti 6 

>tf)C u" tCck^gHbKlO^T, Winterbourne, C, Biochemistry J. 165: 
141-148(1977)) o SSKIw*5tt*NOS<D^;b7>T KU^aS^^WiS^tt 

tfHb (Fell) NO, U<bZf\Z^*-)\s&&Z£&mizmXX4&<Dffi$LX~— hP 
VftSn^fi^SO^^o^^tf. HbH -hD^ntfeJ: 

»«»Jtl/TtfflT*5. - hDV{fcHb©O2 2lji««J:0 fctiL3 N Oii5i 

Antonini, E. tfarunori, M. , Hemoglobin and Myoglobin in their 
Reactions with Ligands, Elsevier, New York, 1971 *#BB) « 
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£ T - h a V -ft L , #£R8i£'\A<!:£^£ «T««E W- hPV <bG9S# * MtiZ 
t5 (WAIl 1 9 9 0^5 H 1 0 Bt-CtBHSn, 1 9 9 6 ¥ 3 M 1 3 B 
Stlfcgk#H*flFHJBE POS7 0 0 9 9 7§, r^sqE^n f>43ct^©7^o 

*bu fniuo^AFeMfcst, ^ic^ h^\qe^Dtf>u^^^— e* 

^ttth'J^A->7y*Dth +l J K (cyanoborhydride) ^^'OyJ^jfiDbK 
U K COl^n^T- h D vMbH b ^llt^) r £ K «k o T^A F e ^Mtl-T 

SffiMJDfti IT fcSSt § C t «S»$ n§^5 ^ (Stamler, J.S., Cell 
, 78:931-936(1994)) . 



(28) 1 1 - 5 1 2 4 3 6 

{fc-SSUft <h*©<t!l©£31iitt*£#£ fc-SA/T^T fc «fe V». 

a&<b*tttt. s**K4*»©iH*. ft*fltffl*fctt*« 

#569§©se«j© rtess-tw^sj -^©«Err£gM£jrf £ 

© - h n V <b H b & J: tf/ £ B- h a V <b^ffl 81 ©S £ » -5 . (B# 
B. SSI#©S*05«efflrtT$.-6. tt*fc«77 hft£©#i»S)!|&£ffl 

tc&gftis-s-SB, as^-tcct^ ruses n. w>hrx>h©*jMB, Mfli. 

i^STSCt^TSS. &gfr£B, JfjgfcEISg**. Jfeaffflfflffi^lCffi 

N0 J ? 3 RSN0/j: 1 i:©^^tC??fi-r-2>N-**-> H (Gaston, B.£>, (1993); Scharfst 
ein. J.S. S>. J. Clin. Invest., 94:1432-1439 (1994) -.Clancy, R.M.fc, Pr 
oc. Natl. Acad. Sci. USA, 91:3680-3684 (1994) ) tt, HbtCSffclCHBl-T. 
iU<S44:i^WSnfc. NOB. *»Tffl3t»w7 s **v'Bb (Hb [Fell] ) 

LTlt»W££fcHb [Fell] N0fi#£Ul«L (SlA) , **->Hb (Hb [Fe 
II] 0?) &*h*s=E{fn\£> (Hb [Felll] ) tmmtiL\zX»L (BIB) . 
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CO$f!^ (Olson. (1981) ; Toothill, C, Brit. J. Anaesthy., 39:405-412 (19 
67) ) £i£i£LTt>£. ^n\zML. RSNOStt. HbCDyUl^h bV^MtW-b 
□ V*C»EISIC#»PLTS-— hDV\qEi/nk*> (SNO-Hb) ^Mt^Ci 
x**->Hb*;fcteHb (Fell) 02i^ft*©^A+^ittJEjCLtt*^ 
fc ((H)Ci3J;t>*lD) o 
A. NQ(Px:fr * ~>Hb t (PfflgftUfl 

—^t^momm^m^^^t. Hb (Fell) (7M >^i^y 3 >lC33^T 
, X*4^>Hb (Hb [Fell] ) OHb (Fell) N0^(&X»#«»£*-l2>. a. 
vHb. b, c, d. ^ft&'lttm&l:} ,2:1 ^BcfctflO: 1 (DKOtUb (Fell) <£>E 

( 

mm^'w* fcfc*k&mb (Fein no«» h»±, mnmnoimmiz 

N0£)?f Jt£ii*2i*£c!:, **->Hb©-f >*a.^— >a >£;fel>T\ ^"^f>Hb 
(Hb [Fe [II] 02 ) <D* hHb (HbFe [III] ) ^(D^t&tfmmZ *IZ> 0 a. 
5>Hbo b, c, d. -ttl-tm***!:!, 2: l&ctmO: l^NOch^iWJb^^T 

C. S -zhPVft- JUa<P^fr^vHb£<Pgffi 
GSNO mtjk) ^fd5S-zhnV->Xf-f> (CYSNO) ©T^+vHbtGM' > 

i 

*3.s<-zs3>lZld\,*T. Hb (Fell) tf)SN0-Hb (Fell) ^0«)|^«*Sn*. 
RSH0OHb©'SAS«*t©ttSfPffltt ($)^;^lTfe) l3<hA,£&^ 0 a. ^ 

*^->Hb. b, c, d. -tn-fnjtsp^l:! , 2:1 &£tfl0: ICDGSNO^Hb (Fell 

fe, H£Sfc*©«<DSN0-HbO*J«^B86&n&. 60#<&P*,£TG>b, c&^tfd 
43 Vi* SNO-Hb (S-NO/Hb) ©iR^tt, -tn-?ft2.5%, 5%45 J:lXl8.5*T»ofc ( 
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1-512436 



GSNO (St*:) *fcaCYSIIO©**vHbt©-f ^a^— >3>IC*^T, Hb (F 
ell) OzOSNO-Hb (Fell) O2^0*SW*«fc**l*. Hb (Fell) 02O^A4>^w 
&H3GSN0 (SfcttCYSNO) OK«B (ifeofciLTfc) K£A/2fcl>. "Tttfe 
^A»c»-r*02te«fe«* RSNOaiCcfcoTKS^n^^o a. **->Hbo b 
c, d. **VE:nJt¥**Ul < 2:1 fcJ;tflO:lOGSNO£**vHb<&KJfcie^ 

nfc. T^^WWb, c*5ctlXdtI*3^*SNO-Hb(OiR*tt. **1-«15%, 10%£> 
J; L*50% (S-NO/Hb) T&ofco »(B 5 ®<BW5r-ete, S-NO/Hb ©JR*tt, GSNO ( 
pH7.4, HblC»LT10«a*J) *J8^fc«*T0.37±0.06. CYSNO 

T»2SN0/na*#: (i.97±o.o6) (TBM) . *«tcEUfccn6<z) 

thHbAott, |lllie^$nTl^^3lCLT#lfe^^^Sb/i(Kilbourn, R 
.G.£, Biochem. Biophy. Res. Comm., 199: 155-162 (1994)). -»<t**««« 
jR^WKSlU — JttW&^tt (Beckman, J.S. 6, Methods in NitricOxide 
Research, Feelisch^ JltfStaroler «, Wiley Chichester, (1996) ) IC«£ 

*>«*a©«HP (NOW^) , feU<ttiy>^;W^*T©R«K:J:*Hb (Fell) O2 
(7)Mtc (RSN0W5S ;RSW«ttS^*>»*tSlirr«ifc») K<fcoTfrfcr>fc 
c RSM0attH*ClBaanTli*J:'5lw'&ritUfc(Gaston f B. 6, (1993): Arnelle 
^cfc^Staraler, (1995)). HbAo £ >*3.-*— > 3 >tt, U >»»«*KpH7.4 
, 0.5mM EDTAtTfTfe-sfc. SN0-Hb<D«»tt, t7 7T7^XG>25^7AT^> 
;^S^«SL/:li Saville (Gaston, B. b, (1993); Stamler, J.S. 

b, Proc. Natl. Acad. Sci. USA, 90:444-448 (3992) ) KftoTrrftofco ^ 
f«*CD2lfilN0x^»«ft^Saville fclCtt, ^^7 7-^7S Y £<0i/7Vitfc 
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ttlitt»plfiE^SS»T*ofc. SJ6i^^i7 hJUi. Perkin Elmer UV/Vis Sp 
ectrometer, Lambda 2S£/3 I^Tfr ft o £:„ 

^MW2 : Hb S-—bUi'Mk<DmmzW?&02<D7a?sT i )v&mm 

— ->3 >^{fc£#5 (Garel, C. J. Biochen., 123:513-519 (3982) ; 
Jocelyn, P.C., Biochemistry of the SH Group, Academic Press, D>K>, 24 
3 M (1972) ; Craescu, C.T. 6, J. Biol. Chem., 261:14710-14716(1986)) 

Yb^^^ D>7*^— >3>«il:fL<ttfftS^i: *<MX $ n^co * * 5/ a 
>-7^-^-->3 > (RjRffi) Ttt, S-ZhDyM^T^yJ >:7**--> 
a> (T«!R) «fc0t>3S*>ofc (H2A) . - hDyM^iJttS, £"66© 

^i^(Db7,5 i y>146 0KJ;-3TS*^6jliKSnTti-&cys /393£Hm£-&£ 
o £<&t*^>«S£ftjfcLTt>*46« (asp j8 94 ---his B 146) teWpHTfi! 

^friztez. :n^of-^H RttffiJcf*^^ 1 ^-— ;i/Si6tt<z)it^^ '>&< 

»3&«ak»s4i*r t»cs*r*r tt*»UTii«>. 

S--hnyy7H> (CYSNO) fcJz^Hb bnzsMk<D&&\t % x 

**vtt!B (Hb [Fell] ) cfct9t>^^->=l>^^^-->3> (Hb [Fell] O2) tC 

0^a^->3>ll (50mM) K#LTl0f8iBPJ<OCYSN0 

•jKLfc2%*£WSL 0.5mM EDTA<f> (*3r->Hb) , t> L< teiBjift02$§i 
»©hy*-*-* (x^+vHb) Tfr&ofc. »EOI»IH»l, 
A (U>K««ft**. 0.5mM EDTA, pH7. 4T^»¥IBft) KaLTfflBfcK* 
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LTCYSNO fclfcSU Saville <Dj5&i (Stamler, J.S. Proc. Natl. Acad. 
Sci. USA, 89:444-448 (1992) ) Id £ r> TSNO-Hb£##TLfco 
B. BftB£%flsM:HbtPgft:i hDyiM^Mf^) 
RSNOiMB «3£l«E*> [SNO-Hb (Fell) Oz] <£ D t>:r 

>7 3 > [SNO-Hb (Fell) ] K&*«^a>*a«l4**>K:a^. 

SNO-Hb (Fell) <D#M\Z> 9)\t9tt o T£ 6 £ SPSS tl* 

o a*<B8«e<0*JBI5IKI (*515S?) JWrtK, SNO-Hb (Fell) ©^StftfGSNOKSE 



75m 

PBS (0.5mM EDTA, pH7.4) *<BHb€:, £MT (:**->) iifcte^fcOz £#E«b 
fch y (^^'» tO^^-hU:o SNO-Hb (Fell) 02#«H4 

Saville <D*ft (Saville, B. , Analyst, 83:670-672 (1958) ) t:<toTl«l 
fc. SNO-Hb (Fell) Hb (Fell) M0©**^J:D. »*»3tt»-e 

a6»Ufc. Wf*>t0^hDV»G»S«H 9>W?X (50 MM) iCtt 
LTlOO^fiJcO^^^^>^^D^^^<^^ e toTtT^t^ -t©Rlt>ig-&«J 
£*«*frTKifit*>l;:«l31U ffljS*Tatt««:ff ±«*<BRSNO£#*TLfc 

j|«W3 : ^a^jMiC^j^HbO^^Z^ >»g£ <PN01l«lfflgffcffl 

□ Vy^f^f ><h£K >^zl^-->3>IcJ:0, «»Tffla«t«BrtSBO-Hb (Fe 
II) <h©*rtJWBHofc (H3A) o Hb©fflaaK4b»4* Ctie>©*fl=TTH*S 

hPVWft> (GSNO) Tffi3SUfc*^twJ4*fiKUa*^fc. tfe^T, 
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foj&temtimmi" (edrf) t^e#_n¥> 

l>3o Hb(D<&m^<u£tzteT*-)l*>b£<DKfote, NO/EDRF (l^lSS^^S 

#f^LJ:e> il/io i3 93^*-;H^N-Xf;|/7l/-f 5 (NEM) Tigglr^tlT 
t^HbHSia, ££te^A#->7>;* h (FelllCN) »»<*fc|- jcoTiMr&tl 
Tli*HbBI«lfi**Billl|{ayW*7^"fe-f T^, *nS©«ttft^*8Hb©flHS 
<tit$5L^c ~>7>;*h-Hb d:NEM-Hbtt*^, ifii«SK5I<&if *£5I€^£ U 7 
t?^3'J> (EDRF) (03B) . L^L, ^«8Hb« 

, it*snfcHbw«a©iirn-j:oti**fc*jaT*ofc (i§i3B) . 

• rne>©wsttt, Hb©*-*-;i/SiAiR**«*t-tc!)NOMastt^»#-r«)C 

i^lTi^. Hbfi&tt^ S - - h n v^^--;K^*jS;*SBET*fc«)t^ 
fl*ffi*»JJjR<B2ciD «Jt£^^>«l;:i¥AU -tO^-f =f>flfftaLT, Hb (4 
MM) JSi^ACh (2 mM) £^iT3cc U:?**** #>:/T«SI (1. 

5cc/#X5#) S«;W*7yt-ftil^fc. «Hl«*»«r (Gaston, B.6. 
(3993)) LfztZZ, 5^»4»5H»TSN0-Hb (20±4nM ) 0*j5i£**B» 6*lfc 

A. #jfa£ftrtHbcP S - - h □ ->;Hb 

7* h*Jfa»*S--haV->^7-f > C\A (5mM) iCttLT*^ ; U > 
K8«fSpH7.4. 25t) ch^K-f^^-hf fflfl&rtSNO-Hb (Fell) 0 2 

#iBiItC£j**r&. * hHbttffl»fctt*J5KL/j:l>. G-25#5A£3LTM&[*0RS 

GSNO) tLT#tt^*Otttor^tt«^»C-r*f3a:l^4:*«to*^. 60#£Tl:\ 
Hb CO 4 -3 O f M pJ #6 ft SHS <D -5 % 3 O # S - - h D -> ; Wfc £ n -5 ( 5 y h Hb tt 4 

S»0-Hb©X^^ h;U*cttf-tniCMar«»»«r*jR-r. J*'** MUAte, G-25£ 
PVh^57^-«JC*jftia^6*Hlb&SH0-Bba>X'<^ h)VT«$>2> a A&Mz? 



(34) #SE¥ 1 1 - 5 1 2 4 3 6 

5^*^HblC£oTgE*?B}S£nTHb (Fell) NO#£j«-r* (Iyf^>81^ 

IHP#llHb^^^^t-^)Ci:^ft^) (X^^h^C) o ZCDZ^ZhJl (C) 
tt, !Zg»#:fefc0tt3fl<DS-N0<O{b#»tt&^bTl^. Jt«Ofc*IC, 09** 
*fcO4B©N0**#T«>Hb (Fell) NO(07^£ MUfeSf (if AH, H 

L^Co Hfflfl§l*]SN0-Hb£> Saville CD#?£ (Gaston, B. «E>, (1992); Stamler, J.S 
. Proc. Natl. Acad. Sci. USA, 89:444-448 (1992) ) T«J5£U IMEtf>«fc 

B. EDRF/Hb ffi5f^ffi<O^Wffia 

^-rnoHbi^^p a ot>iix)Sf «r5i*jecbfc^ ^*«Hb (sH+-tt4K***«*K:e 

ACh) rtW^T^MS^ ^«lHb{C«t^T«t>«ft*ct:<ia«Snfe, ->7>*bH 
b (CN-Hb) CsA^KJSd^iSW^nTtiS) <hNEM-Hb (^-Jl/KjMi-X^ 

-r^>-<^^F!iiiUTt^o ra«o*ftTTEDRF^e>^j«-rssNo-Hb(Oia«a!i^« 
, (the text) £Ej*s*ith*. 

X^FT03, Grass Instruments, VWa-ty^fflJ^OH KffiOttttfc 
(Stamler, J.S. &, Proc. Natl. Acad. Sci. USA, 89:444-448(3992)) . ~>7> 
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^ hHbt-i, thHbA^e, iiSStl&^ffi (Kilbourn, R.G. b, Biochero. Biophy 
s. Res. Comm., 199:155-362(1994)) \Z'<itr> TWSS! Lfc. HbA ^N-X^l^ U-f 

SI 





gsfoittaa*) en 


AChfam* (t) 


Hb ( 1 juM) 


40.8±2.3(n=7) 


31.9 ±6.9(n=7) 


N EM- H b ( 1 AtM) 


29.4±1.3 **Cn=7) 


60.5 ±3.9 * (n=7) 


CN-Hb ( 1 uW 


12.9 + 3.0 **(n=6) 


80.7 ±1.0 **f (n=4) 


ACh ( 1 tfM) 




98.3 ±0.6(0=10) 



P<0. 01 ; **, P < 0 , 001, Hb<titt5bT ; 
t, P<0. OOKACh fc Jfc« UT 



nmW4 : SN0-Hbifagfi&tt<Pejg 

mM^mmt^m^mzmmu2^<DmmcD^^a\i>, Hb (Feii) o 2 <hHb 

(Felll) £$*rT2> (Antonini^ (1971) ) . ^jfa^ftHbCO S -~ h D V^-* 

-^stcwr^ibM- Ho*^*j4i3«iiia<DiHJ3ttaisn*id:ts 

**<&i5***. «ffiW»*»C««*#A*Ofc*5 5t^5Rjffitt*^i;*. pig* 
SBI^fcfc:, Jtoe»;W^-7^-fe'fTW^fc«'&, SNO-Hb (Fell) 0z te* $>il9 
3S</j:l»NO«ffitt«:if^il(2:^to^o&. T&fc-fe, SNO-Hb (Fell) 0z#5l£jg 
^"TiRt8«, ^$Hb (Fell) 0z COil^£ 9 % S - ~ h □ ->;Wto^HbGDJRJ8 
fPffl*-»SKS-&«»C <h£^L£ (04A) c :ni:*tl, SNO-Hb (Felll) « 
, j|«ll;aifTS)?):t*%*^& (EUA) . ifi«(Ofl0#Hb (Fell) OzSfctt 
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Hb (Fein) <D&iET\zim®?tZ&&£< bfttefrifzz £\$&mzmir% ( 

fcfam*mmm<Dtf)l<23-*>*^ : &?Z>o RSNOffiPe^C^&teRSNO/^:*--^ 
ZZi&lZ&iXiEWz&iLZft&CDX (Arnelle, D. R. & £tfStamler, J. S., Ar 
ch. Biochem. Biophy., 318:279-285(1995)) , SNO-HbOlfilt^'ftS: =5~* 
><Dftfrl : X*nWmi>?Zo mmt, ^;i^^:t>^SN0-Hb (Fell) 02<hSN0-Hb ( 
Felll) ^CDjfaWffi^IH^^^^kL/iCch^^UT^^o Ctlh><D3kftlZ 

% ^^^>Wt^^^aVlMH SNO-Hb (Fell) O2 <£ 9 & SNO-Hb ( 
Felll) £<D¥-Wz&Qfe<m^X\s*ZZ.t.tfiz>fr-Dtz (HI4C) „ #J&i*^43lt 
%SM-llb<D7£15ttmU^)UzM-?Z>m& (Wk2&£Z*m3A) Cft$ 
(Dft^mt. 1) 3^lC?¥fiET*RSN0«£Hb (cys 093) <D?p1<0¥S*<£31¥«* 
frTTttSNO-Hb«JH»SCt, 2) SNO-Hb £GSH #M#T*— ha V*fc»KJ6 
i)Wlh*$ftXl&ZLZ>£>V^Z.t (ZLnt><Dm$c\Z&\,*X. SNO-Hb£ftffifLfc#lfiL 

K«#^*RSNOfI#*Snfc) . 43£t*3) Hb<0&K*^O»ft^5p««:GSN0»J 

SN0-Hbrt>&®N0Sttffl©*>3 1 00«*£SE3RLfc. SNO-Hb® U'WfcWr* 
16BR- lf*^£> S-N0e«©ft«tt^RK*ft»C#ISl^*Hb3>7*^-'>3 

£«*rr*fc»tC, SNO-Hb (Fell) O2 <hSN0-Hb (Felll) *6©N0*»tiUi*flE*: 
Jtetfc. K**ftttSN0-Hb©»»iSK€:li*$1i-*^i:^to^ofc (H2B) . 
uft6©a«H GSN0^^A^S^T^^^5 1 ^->(Cj;0¥L<iPii^n^ ( 
B2B) o «t«B. O2- A««Hff»39«S-llO«»*KM*#A«>Ctt«UT45 

SN0-Hb#£fc3i¥Mtt*«*iS^Ktt. *CE)N0BaStt3i«#JliU»Blt««oTe 
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zl^-kl, «iB^RSNoa©*a*«wwic«iffir*cticj:o, co^mi** 
diae>©**t3*3W*«jfa©a«^to^ «o.5%) *jB(3wr-5*iiE 

Mt^c:^^ jftL*»^<DNOMastt©e»K:^ 
a. aa: ^sNOjfoMM^Mg - i£B fc^ 

Hb (Fell) 02 (A) ©JRJfiflUBtt, S - - h D->;Ktlc cfcoT-BBSfi$n-2> 
(SNO-Hb [Fell] O2 (■) ; Hb (Fell) O2 IT AN O V ATP= 
0.02) (m4hm&) . SNO-Hb (SNO-Hb [Fell I] (•)) ©ftK^i^BMfctt, 

^>A 6 ^Sf£, m<DS-~ hDV^>/^H (Stamler, J.S. 6, Proc. Natl 
. Acad. Sci. USA, 89:444-448 (1992) ) ^HfiS^gi^^JtOjfiiSJfiSSHTtcX 
m?2> (SNO-Hb [Fell] O2 td*f IT A N O V ATP <0. 0001) . Jt«©fc», Hb 
(Felll) CDJRi(g4$tt*^r(D) ;#f-iS'#-f>hl:o^n=6-17 e 

£<Dlhl 1 gms^*T yfe< 0>»*fltt4>*SnTt><5 (Stamler, J.S. b, Proc 
. Natl. Acad. Sci. USA, 89:444-448(1992)) . SNO-Hb (Fell) 02!H®p D P te, Hb 
(Fell) 0z^>/^Kfc»bT10«atW©S-=. hny y7f^ > (CYSN0) ft 
MlT^ (2%*^K, 0.5mM EDTA, *$155H£iS) Ltzik. t77T7^7G- 
25*7A£fflLTJ&&£frft:o£:. CYSN0 tt, 0.5N HCl, 0.5mM EDTA+T^JSL 
fc^, 0.5mM <£>EDTA£"&OlM>J T*fP (1:1 ) U&. SNO-Hb (Fell 

I) WMfiteH«<Z)^«;T, fcjSLHb (Felll) ftffi*tt»tLT, WSSIbfc. » 
*ttHb (Fell) (te^aMO^^U ^7><b*ST«l3aLfc», LT 

— Jl^ftteSaville (Stamler, J.S. b, Proc. Nat. Acad. Sci. USA, 8 
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9:444-448(1992)) lCfcoT»*Lfc. S-NO/GSSWt^fifftl^ £%6<BSN0-H 

b . *f)V*n-> icj; ssNO-Hbttua 

M*7vt-fW:W9 L *> (100 MM) *«Jirr*^ SNO-Hb (Fell) 0 
2 (■) iSTO-Hbffelll) fctfiWziMaStt* (H4B#JR. 

n = 6~12 ; a ©S-«iBF<hJt^LTi:^ ANO V A\Z± 0 p<0.0001 

Hb (Fell) 02 (A) fc»r**»K:B*««i:If«*#Aa:^ofc. 

SNO-Hb (100 mM) fr*>#)V$tt> (lOmM) ^CDNOS&^iSgS:, SNO-Hb 
(Fell) 0 2 £SN0-Hb (Felll) Wh) Id^^T^T (n = 5) . 5 s 

ai«S»0-Hbli«JC»r*±fiEU&GSl«0©«tLT»*?UT*«». 
SNO-Hb (Fell) 02<£9 fcSNO-Hb (Felll) <B*&CD;#7&*3g< (ANOVA 
H<fct) p<0.002) . GSNO/SNO-Hb bBb^^JBSHJ: DGSNOflJK: ~>:7 h f 

, fMWSKSitiESftfc (Stamler, J.S. 6, Proc. Natl. Acad. Sci. USA, 89:4 
44-448(1992)) (n = 5) . £nS0>*g*te, SU{SO*ifcT\ EJtffi-&«l£:G-25 
# v A lea L T#« L aST^SNO-Hb «K«r»J*1" S d £ K J: o T^SE L 



(39) 11- 5 1 2 4 3 6 

«ftifi# (0.5mM EDTA, pH7.4) * \Z 1 ttMfflM) t fc. cniCctO, 0.5 S-NO 
/Eg*#(D{b*a*S:J#OSN0-Hb (FelKfe/Felllii^'tt) ^^^IJ$1Sd d d^ 

£L («Blfc) , ^<Dfcfan^0V^7,m&$ (1:4 ) T-f>*a^-Ht 
o ffllSnRSNO^Sffl*, Saville (Saville, B., Analyst, 83:670-672 ( 

1958) ) T««WlC«3£bfc. a^»KcO«. #Jh*±»*»3tttT»Wr-5C 
fcfcJcO, WjhSrlMSLfc. 
j|MM5 : in vivo TtPSNO-Hb^ggft 

SSft**>ST**>£SftT^* (Vogel, W.M. 6, Am J. Physiol., 251 :H413 
-H420U986); Olsen, S.B. 6, Circulation, 93:329-332(1996)) . SNO-Hb**:: 
0**3tt*W«:«rfcttli^£'5^*ftttT*fc», *fc* NO^tbl^in vitrotttt 
in vivoai*^fea-K^i:5}&^BI^a&», h<£*MMUc# 
— 7* £ UTttALfcHbtSNO-Hb^wriieStrJtttLfc. 0 5 iz^~?£ 5 {c, 
Hb (Fell) 0 2 (200nmol/kg) ¥^KMffi{C20±3iniDHg G>±#* *>fc S Lit ( 
n=4 ; P<0.05) . dftKJfLT, SNO-Hb (Fell) O2 tt, ^JfilEE^ffi ^ 
, SNO-Hb (Felll) te, fijfllJ£j6*&§l*fflUfc (H5) . Ifc^T, utl^ 
Offc^tt© in vivoT?(D»tttt, in vitroTBaSftfcfc© (B4A) tcfc<(KT 

-rafcAi^, SN0-Hb£^T£#jfiL^£> L-NMMA (50iDg/kg ) TTMllTft 
HttRSN0a*tt»Si*&7:y h ©AlliMMJiHcftt* Lfc. JEftHvy NCR* S ft 
^U^)ltmmUSm-WbU^)l (O.l —O.S mM) T\ SNO-Hb^W#lfllJ$te, 
jfilEfE«r«:5l#aiLfc** (8 ±lmmHg ; ¥i£)±SEM ; n = 9) . 3?«S (SNO-Hbte 

«) #ifli*«*(Oi5ft:*stsi*ffiatt*»ofc(P=o.ooi). cn^>^io% co 

*Olfi*J(llE»*©»a!ieHrtfC»-6. HbtSM0-HbOja*tt(r»i**lfc (IHEt 
ftl&i$fo\Z'£2iftZ>frizfrfrfr*>-?) — iBttTfeO, £ CD £ £ te, Hbtf) 
hD->;Mb£SNO-Hb©ttlMa« in vivotgCot, *ttrt«j6LJECM*IB* fc 



(40) 
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^*T(DSN0-Hb(O^S?Stt^, Hb (Fe) T^itlZttT* Z<DWmmft 

^»SHb£SN0-Hbg) in vivo%S^I 

Ts-fU—?- F-U-^y h (D±M18>Mk\Z2 ~200nmol/kgCDHb (Fell) O2 £ ( 

200nmol/kgTte, ¥^J©)MJE^25mniHg (20±3nmiHg ; n = 4 ; P<0.05) ± 
tSLEE<0±mt, 10 -lStfJEAWcEfiLfc. (H^fflfiBiTO) SNO-H 
b (Fell) (fcttAtt, WSftlfilJEJCft&Sl^jBCSf, Hb (Fell) (fctCi^TK 
58Sn4KJiiflE*»»"r«»wi:*«***l*. «t OflBtia-^fiTt, 
Ba&Stlfc. dttt^U SNO-Hb (Felll) ttAtt. Si^tx-^S (200nniol/kg) 
T¥*SMRE<0*S&1KT (mJ308 ±5mniHg ; *74±6nimHg , n = 5 ; P<0.05 

7 *y h £ ^ > h AVU tf ^ —;K&!S«I f*l£M IC £ o T Jft@£ U . JBB?«JBH l£ J: 9 . 
^IEiBJ»i:*ffil»flR«:*«bfc. ^fcl, ft||[:*-a-U$#A^ Gould IB® 
ttfcffiOttttfcViggo SpectramedEE*a«««:fflViT, M^M^^^t/c 
o ?-$<Dm%\Z\tim PC (DATA Q Codas) Srffifflbfe. 
gjjfeffj6 : S -~ ha Vtt— 

7 7h#i^S--hP7v7H> (^A (5mM) K^LT^^ ; U > 

--hD7^W^> (GSNO) <D£j«jW*E£ft£>. 2#£TI£, mMgScOGS 
S--hDVy7f^ > (5mH) ffilL^M^S'L^il^ 0 tfi^< ^ 
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*^AizabT"r«*^<)Ittffl-rs. fflflSrtRSNO^SavilleO^riTS'i^L, 

(SNO-RBC «rBM»-*fcftl;:) S-Zhoy^H> (S-nitroscysteine) 

Wmz¥-i%W)MEE£:{&T2l£tz. SN0-Hb**0.3 uU (l*lSttin vivo SNO-Hbif 
) T7 7t<$nfe*jl80*^, »iREE«8 ±lm ffl Hg ( 9 EKDH^^^T^^ 
*5±SEM ; #ffl«*Jfll3»»JgtJtttUTp<0.001) ITl^Cc SN0-HbT0.5 uU 
t«3eSnfc*jfil3»©»-&, HlJRffi^lOmmHgiSTbfc. SNO-Hb^O.l M M (|*JlS 
ttSNO-Hb«ffi*SS) T»l5£$nfc#lfil3»C!D*'&tt, KlfRJE^6minHg fiTLfc. IE 

Slirifc. L-^£y >^;WL- 7^*— > (L-NMMA ; 50n>g/kg) ^20mmHg 

Bnill^^llB»lffi«nSL^. «illlRK*-3.-lxftJf AU GouldEfltffi- 

«r»Of*ttfcViggo SpectraaiedJE*X«»*fflliT, Jhffi*il«»fcK«Lfc. 
yz-?.<DWimzmm PC (DATA Q Codas) ftttffibfe. 

Effigy 7 Lggfei^feSSM^ s^iftr^^^tfjfiiflEtc^"ri>sNo-Hbg)a!jm 

SN0-Hb**Jfi«4AtCEabfc«t5*C*JsELfc o S«?<0*Ttt* ^JSWMAKER 
©J:5t:i*Stfc. 24lKOttfll&»|«;£ (25-30kg) *»Rl*lf 7 5^t h U 
9 A (60~80iDg/kg) T*»L,'JB4lft|IBWc£llil*«:*Lfc. fiMHfcfc ?) 
JlffiOfiiattattftKSra/hlHWIIbfc,, -*t<Z)7-MHz JEttttiSfl (l.S X2.5m 
m> 15-20mg) S:^ □ >*»JC» 0 «JH Lfcjta*«»©E»«*BO)lJ 

iRjfiiS^B!* 6-0?Pl/>Tli^Lfcc * yD^3-^fiat*>5-f 

(V/3£D> — ^—120-2. Triton Technology . # U 7*jm7*Hlt>5 f 
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10-15 0©lHl«[flBPp1SJC, *t~ : r-^t!S»*±JH»*Tlcflc*KciiSL/, 2- 
3Smt^ Sz^lCSNO-Hb ((Ming) ^^—^Xatt^-^ATjfilSJCSSrffflBLfc 

ffidP/dt , S«i6ilRna*<ttm«»M»€:aSHEM»CKtgLfc. 10ptC> 0.1ml 
tf)SN0-Hbi£flS (50nM/kg ) r)Vfr ZEEtt Lfce MWJKSlCfctT* 

,iiLT#^, attOIB^, ffifflttSWifiiaE (phasic coronary blood flow) 

Rl£®<<h> K«aS*lC&fb&<gC£&7&>ofc. ^>??$>>X!k { g (conducta 
nee vessels) K»^4SN0-Hb<Bl»»»]liLmCT^ 

SHigLfc. M7tf^iJ> (Sigma Chemical) KttT SNO-HbCD 
iagnostic pressure) *#SN0-Hba»O)Sfl«TJt«U*:. SWlftlR^fttJfilSitO 
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(ECso) T**3 o #IM*n!\ ^Offig- JSSftaiC*tbT^»S«/h- 
fRIslW (r z >0.90) SrfT&ofc. £ ©S»tt±EO«5ltC*l» S ftfc. 

/B^T¥*3tt«*ffJ*U T^teSiiSt^DyhLft ([16A-6F£# 
^1M8 : liCjo^S-rhDyA^^aby^hDyJb (Fell) - ^jz 



««5*:(MBLfc (3*2) o hOfcta^6ia«»*JfcJ:oT»Kjfii 

mm (juglular vein) L T*IHRd* 6 »BRjfil*»feo *(C, *jfil#*> 
e>Hb£:JSS!U RSN0^i<h (Fell) NO*«ft«ftLfc. »§IRjfilHtt#Sc& 
©SNO-Hb**S**vri>*:**, »KjfliTJ4*Jl±*aiT#a:*^fc (12) 8 MOv 
— KIBSH-T-N* -^y *^-L- 7;i^-> (L-NMMA) ££A (50rog/kg 
) L&45#«KfTfc-3Jfc«Ktt, SNO-Hb^»Hb-N00!>tt»^^Ufc (-^tl-?tl82 
*3<fctf52±18% ; n=3-5 ; p<0.05) . ZftbO)?— &'><OWk#ffi 
#tt#»atl34lit)<0©, SN0-Hb©rtB14iEiH*«a'r* ! b^T**. SNO-Hbil 
^^TBft^nfcBI- Hb (Fell) N0tf>*<&te2£teU Hb (Fell) 

ROM:. »#MKB»*flsSftfc (MR) *jlaJ*^lc, ±0*^«flET*aan* 
(12). LfttfoT, ^hDi>;i,{t^n^^>A 0 ^M5 1 ^-^i:^AOit^^ 
, i6l«OK*ft«»C«fff *J: ClftfcOfejt,*— SLT* Wennraalm 

fc*0)#HW3fe*Stt* Hb (Fell) N0*«±iLTMit (B#Wfc]ttK*fl:Sttfc 
) jfniS*T^ja*r*^ i^UTl^ (Wennmalm, A. £>, Br. J. Pharmacol., 10 



(44) 



1 - 5 1 2 4 3 6 



6(3): 507-508(1 992) ) 0 L*>U Hb (Fell) N0£> in vivoU^tt, — ©MtCtt 
&T€X (EPR T') ^HiT* SNO-HbBEPR 1M U> hTft* (T 

3»«B*800gTJl*»ll|-r*CilC*-3T¥lllb, 4TC©'J >K««ft**4»T 

3IsI«fe»b, 0.5mM EOTA**bK<*>*4«***jnT«)::a:^J:0*»U, 
PenefskyC2;£&lC^oT4 , CT\ G-25* ^ A^"Ttf^< ffl UTKtttbfc. 24HE<£) 
7 7ht, HbK»*2«»Lfca, Bradford<&:£$£Tffl£Lfc*>^ 
^K»aiC*fbT10«ia*J»OHgCl2Tffl3SU, fcL<ttJtt»L&J&>ofc. SNO-H 
b£Hb (Fell) NOOmett. TE©3t»»— (k*»*«H«fct5TfTft-pfc. £6 
tC12ECO^u/hT, HgCl2«lSa^3EfflK4BS:7'yfe-frsci:(CJ;0» SNO-Hb 
fiD#S^gf>i:»KLfc. JM^W^JS-^fti:* tt» (HgCiz ^trfccoct^te 

life(D) £4t;T 10#M. Amicon-3 (-fe>hU 3>7>f »fl*yh* 
73,000) lCiILT#«U ft^SB^SrO.SN HC1*© 1 /*M 4/;l/*^:*>£ 

(286 ±33nM) tt**±R]-T, S 2 tI^U^<h*£f+*WtwfflSS Lft 
^o/to BMBufiTCtt, SN0-Hb7&*«fcB*SE (0.00±25nM) X\ fOU^WJiE© 

S - ~ hPy^^oh*>cD7yiz-f & 

M*«P<0RSNO« (S-ZLhDV^^-;HI) &fflfc~?Z>tz*b\Z&m2tlT^2> ( 
Gaston, B. 6. (1993); Stamler, J.S. (1992)) . CCSitTH N0£^* 
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tfSQ^) lCfcfiM!T#<& (Antonini, E. 45ck tfBrunori, M. Hemoglobin and Myo 
globin in Their Reactions with Ligands, American Elsevier Publishing Co. 
, Inc., 097i)O29-3lH) . 3fc#W*^rt(08Wift»IH5-f 3 C 

4:13*0, Hb (Fell) NOONO'J #> F C fc*«T**. 

SNO-Hb, Hb (Fell) NO^o ± tXS - " h □ V if)V2tt XD^J&mM&fr 6 ffrS b 
fc«¥l8ltttt* iBLA (R>0.99) T% JMt±«toft*S C ttlnM 
ftK#£^Lfc. 2o<Z)##r£2p* f&fc'fel) SHO-Hb** lOfSiiM 
©HgCl2TK»«r^«ffla"r*CilI,toTI»*Sn3t**, Hb (Fell) NOtt, * 
SBBUJilTBttTftofc: 45«fctf2) HgCl2^«t-&SNO-HbO)S&31« (— 
ttM&yU-^JKft^iO) **M^iR«T®5Bffi***i:*^ Hb (Fell) NO 

&mmzmmisThwmmmt£Ctei^£\z±-DT, sNo-Hb^Hb (Fein ho** 

«*K«M£n*££fcflBALfc. UV/VIS^T^ritlJ: N03&«a*JOHgCl2<0# 
ST K 'N A IC L £ * T lb Z> ZL £ **« IS £ c 
^^F!l9 : S--bny^?a\i>lzJ:%fasMfcmM<Dmm 

k hHbAoCDSIMB>&j£W:. SIJEWio r^ftj ©SSStcEttLfc'btDT**. SN 
O-Hb (Fell) OzOBiB^tttt, *16M2AKK«Lfcfc<OT*a. SNO-Hb (Fell 
I) 02<Z)«ifi*ffitt, **S«1 JCEttbfcfe©T*«» (*16ffill<7)B, Cg|S#:fe 
ctlX T^rij #HB) o SNO-^^DH>©SlH Savilletf):£?£ (Saville 
, B., Analyst, 83:670-672 (1958) ) 43«fc tfHJ60j 8 <D rs-zhDVA^^ 

fcfe 1 0 BM3. 4 nM<0^x>B^hU^^Tta«BSnfc»IRjht 
7*>S»fc. ifo'htfi tcStnfiiSI* I50xgt2 5tT l 0#H»^#«L 
;i/ZM) -C«£LT*4:, 1. 5-3xi0 8 /mlT*of;, 
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MHtfflH LTl^ C t n^:. Jh/hffi©7 U h (0. 3ml) £3 
7W>^a^-hl, PAP-4fll#« (Biodata, Hatsboro, PA) 4»T 1 

0 0OrpmT«U;. ^^at:>£, MSd: 1 0»B^H>*a^- 
hU 5uM ADPT8«SR»lft. 3ttaa*<Z>ft*Bft«J:tfX 

©»**H7A, 7B*5,fctf7Cfc:*T. «V«lfe*«»T^-r. SN0- 
Hb (Fell) 02 tt, K»LfcS8BftT©Jlil/h«»lll©li< 6^©IB#*B^ Lfc. 
SNO-Hb (Felll) \Z, 1 MM^i^tl^iSlrSatSt, SNO-Hb 
(Fell) 0 2 «fc9t>te*awc*#fcgfl^T* lfti/htR»*tBa*-r*. 
jlMSWl 0 : c GMPC^t^SNO-Hb0M 

jfc/h«JC*tTJhJft (PRP) £-^^at*>> SNO-^yHb, SfcttS 

y 7yt< IdcfcoTfrofc: (Stamler, J. S. Circ. Res. 65:789-795(1989) 

) o 

«S*€rH8^^-r. K»L&Hb©±«fleiCOl»T (1. 10^J:^100m 
M) % SNO-Hb (Felll) KO^TWe Ltz c G M P OSSd ^££H b 

gjgMi 1 : Hb<P#Uxhpyfls 

A. HbAo £> S-nhDV^;i/^^>/HbAo(DJt^6. 25TS 

--hDV>/M^> < i:, pH7. 4T2 5*CT2 4 O^ri-f >+a^- M 
, t77ry^^G-2 5*7^TK*ILft. iv^^>itSfiT U^^h 
Jl/B, 09A) *3<fcl«MF«ET U^MVA, B9A) hJU$!]5££fTfco 
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To 

B. HbAoSs m&niznLX 1 0 Ofii@»Jg<DS bU^^f)V^^>t. 
pH9. 2T2 4 0^<>^a^-hl^i G - 2 5 * 5 ATRS Lfc. % A 

c. HbAo^> mmmzftLxi o of&asiaos- — hnyv^^-r ><h, p 

H7. 4 T 2 5tT 5 - 2 0 »B-f jl^- h It. OftWOMlSa, S 
fiS^G- 2 5#^ATflKtfiU $y?t>MT^llfc fl ^^^hJUt 0# 
IBttt)«CHb©#U^hDVfl:^3itrc:i:*^LTl^ (EI9C0D*^ h;UA 

~f) . i o o«a*ja^s-- hDv^^x<>tcoi!iai(D5»a, Ga*{*& 

4>&< < h 5 b4PONOS^#iJD$nTVit ((EI9C(D>;^^ h^F) . *Hj«T. 
IZ3*#*tf9 0. 4®(Z)NOS (m9C<DXH7 HUB) , 1. 5 8{g<£>NOS ( 
H!9C<£»;*^ h^C) , 2. 7 5{lCDNOS (H19C£)7v^ hJ|,D) , 2. 82 

{fi<£>Nog m9C(Dx^^ hjiE) wmnznT^tz* 

pH7. 4T3»mW> + i^-M/fc. iei^G-2 5^7A^ 

o mm<D7,^ h)VK\*. RNOs/HbOJt^6T$.^^t^to 

E. WBTHbAo *©n h P Vitomm* b =y y + >yL&^< Aa-^»* 

nte-otz mm . HbAo<D#iJi£, i ofiisaios-zhDVyxfotp 

H7. 4T2 5tT\ SfcttHUftttTTl 0 0«aiIOS-ZhDy->7f 
-f >£fTfc-3fc. SNO£cfctfNO<B#W£Saville <W&&i3«fc Jia, L. 6, 
Nature 380:221-226 (1996) J: -3 Tfr&o fc. d 41 6 <D3H*TT, ^Ate. 9 

1 0«a»J«©S-r. hDVy7H>TOJ!lIH HbAoO 2 r?OKJttt->>^ 
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PVftt5;^C IZB*{**fc0 2«EJLt©NOS€*T*. 

aSflli 2 LAMM^li^SWOiHb (Fell) Ozg^S 
SNO-Hb (Fell) 02 tt. SNO/HbOtt*«2T*0. S-=hDVf*-^ 

10 (S*L, SNO-Hb (lOOnmol/kg) : JR21. SNO-Hb (1 
0 0 0 nmo 1 /k g) ; HG9£i. iMHb (1 0 0 0 nmo 1/kg) ) IC 
w"TJ:5»=HbAo*6il«UfcHb-Cttl*Ufc. &*S*i&fc9 3 BE<D^ v hftJB»r» 

JfcffifcHUfc.. ttSSLfcPOzWgtt, maiP02*i2 0TT*5Ct**Lfc. b 
fc**-aT, SNO-Hb tt. !E*©±a*frTT?©fla^©lfilffiflKS:a:Sl- 

. ^Hbit jtiiis**«'>s-e-fc. Noajfttiitt, »JMa»»*ttTK:.fc^T 

HMglll 3 : 9^£Syjgi|&£&tt3SNajb (Fe ll) to, SNO-Hb (Felll) 
fej;O:(H0)x -HbfFelintPSftai 

^^Dh*>S, HbB3»#lC*ibTl : 1. 10:1 *fcttl 0 0 : H»f 

n^03S-zihDV->7.5 i -1'>T-lB#F B Wab. ^JStflJ4©.fc5»::iiftfc.. 1 : 
lH^rJi o : liBWTtTJftofcSJSOai**. Saville 7vt-f*WS?« 

SNO-Hb (Fe) O 2 T-fe0. SNO-Hb (Felll) tt. CYSNO/BS 

■kWm.M*7v*.*** **#l4KfB««>J:5KtTttofc. cysno/ 
HbESfl^l 0 0 : l©Jt£ffiHfcKJ&©fi4*«. '\Afctt*LfcNOfcStf 
l;2ICDSNO^A/Wft. 100 : 1 <DCY S NO/H blftClt^ll SN 
0-Hb (Felll) Ot>OJ:0tt«*»fc«HlT*0. #'J = ha->;Hfc**l/0»* 
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jfctftS-- ha V^ya hT>£ — h a (Fell) ^ypk'> 
SPtt SNO-Hb (nM) Hb (Fel) NO (nM) 



3 1 1 ± 5 5 * 5 3 6 ±9 9t 

32+14 8 9 4 ± 1 2 6 



* P< 0. 0 5 &mztt-tZ ; 

tP<o. 0 5 &mizMir?> 1 
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28. &m&&tt\tm¥#M»tfi&utm&* mmm. mvz»fo&ft&L* mt, & 
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3 4. BttR^^DK^TP^f^^ttSSR^^TM^T 

7 ;U <h L (combining) , » £ *lfciS*tt (combination) * n h □ V ft;** 

spy - hDVftSNO-^yat>®4a*S. 

3 6. ^^Pt'>^NOi%^i^U #bnfcS^?:^hDV« 

fete- h D fl:3&fRe*a)icabfc*#TriW»L* U - h □ v ft 

S NO -^yatf>*fctt*y shafts NO -A^yat^^U BtR 
MJCFeni^FeincB7ET^i4^tK#'J^hOVftSNO-^^at*> 
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4 1. B6*<DWST. PH7. 4Tia»OS--bPV^^>SHb CF 

ein O2t^>^o.^-h-r^>xm^ts, ft-;HT»a«i:s--hp 

vM^n^SNO-Hb (Fell) O 2 0«lit*ft. 

4 2. ffi*<&##«ET. PH7. 4TiS»OS--hPV^fOSHb CF 
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Remark.: Although claim(s) 1-9, 16-22,24-28, 30-34 

is(are) directed to a method of treatment of the human /animal 
body, the search has been carried out and based on the alleged 
effects of the compound/composition. 

2. [Y] Claims iscs.: 33*34 

because they relau to paru of the International Application that do not comply vnth the prescribed requirements to such 
an extent that no meaningful international Search can be carried out. specif] tally: 

Claims 33 and 34 where searched as relating to nitrosated thiol compounds 
in order to avoid lack of unity objections. 

3. | j Claims Nos.: 

because they are dependent claims and are not drafted in accor dance with the second and third sentence: of Rule 6.4(a). 



Box II Observations where unity or invention is lacking (Continuation or item 2 of first sheet) 
This Intumuonal Searching Authority found multiple mvenuamt in this international application, as follows: 



Aj all required additional search fees were umely paid by ihc applicant, this International Search Repon covers aJJ 
searchable claims. 

2 { . j As ail searchable claims could be searches without effort justifying an additional fee, this Authority did not invite paymeni 
of any additional fee. 



As only some of the required additional search fees were timely paid by ihe applicant, this InternauonaJ Search Report 
covers only those claims for which fees were paid, specifically claims Not: 



required additional search fees were timely paid by the applicant. Consequently, this International Search Report is 
restricted to the lnvenuon first mentioned in the claims: it is covered t>y claims Nos.: 



Remark on Protest j | The additional search fees were accompanied by the applicant's 

[ | No protest accompanied the payment of additional search fees. 



Form PCT7ISA/210 (continuation of first sheet (1)) (July 1993) 



»fl¥l 1- 5 1 2 4 3 6 



INTERNATIONAL SEARCH REPORT 

InfomuQun on paltni famfly members 


Inic oaal application No 

PCT/US 96/14659 


Patent documeni 
d ted in search repot t 


Publication 
date 


Faitm. family 

member {*) 


Publication 



W0-A-93Q9BO6 " 27-05-93 AU-A- 3G71592 15-66-93 



EP-A- 0676964 18-10-95 
US-A- 5593876 14-81-97 



WO-A-9312068 24-06-93 



US-A- 


5380758 


16-01-95 


AU-A- 


1685292 


02-11-92 


AU-A- 


3237193 


19-07-93 


AU-A- 


5459096 


01-08-98 


CA-A- 


2107219 


30-09-92 


EP-A- 


0582631 


16-02-94 


OP-T- 


6506222 


14-07-94 


WO -A- 


9217445 


15-10-92 


U5-A- 


5574068 


12-11-96 



Font. PCT -ISA/DC <p*i*ai twnily *nn«») tfuly HW) 



(75) 



mW-l 1 - 5 1 2 4 3 6 



6 3 3 
6 3 9 



0 8/6 6 7, 003 
1996^6 ^20B 
*m (US) 

EP(AT, BE, CH, DE, 



(51)Int.Cl. 6 

A 6 1 K 31/00 

31/10 
35/14 
38/16 

// C0 7K 14/805 

(31) <g5fc$g£3i#*f 

(32) fl5 1 5B 

(33) mftmmm 

(81)*g£ffl 

DK, ES, FI, FR, GB, GR, IE, IT, L 
U. MC, NL, PT, SE), OA (B F , BJ, CF 
, CG, CI, CM, GA, GN, ML, MR, NE, 
SN, TD, TG), A P ( K E , LS, MW, SD, S 
Z, UG), U A (AM, AZ, BY, KG, KZ, MD 
, RU, TJ, TM), AL, AM, AT, AU, AZ 
, BA, BB, BG, BR, BY, CA, CH, CN, 
CU, CZ, DE, DK, EE, ES, FI, GB, G 
E, HU, I L, IS, J P , KE, KG, KP, KR 
, KZ, LC, LK, LR, LS, LT, LU, LV, 
MD, MG, MK, MN, MW, MX, NO, NZ, P 
L, PT, RO, RU, SD, SE, SG, SI, SK 
, TJ, TM, TR, TT, UA, UG, US, UZ, 
VN 



F I 

A 6 1 K 33/00 

31/10 
35/14 
C 0 7 K 14/805 
A 6 1 K 37/14 



6 3 3 F 
6 3 9 C 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



U BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



t2 LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 






OTHER: 



THIS PAGE BLANKS 



